The objective of the pilot study was to test the effect of inhaling 99.5% oxygen on recovery. The source of concentrated oxygen was O-PUR (Oxyfit). Research subjects completed two thirty-second Wingate tests at an interval of ten minutes, and in the interval between the tests the subjects inhaled either oxygen or a placebo in random order. This procedure was then repeated. The pilot study revealed a significantly (p<0.03) smaller performance drop in the second Wingate test following the inhalation of 99.5% oxygen when compared with the placebo. The results of the study indicate that inhaling concentrated oxygen may have a positive effect on short-term recovery processes.
INTRODUCTION
For nearly a hundred years various ways of inhaling oxygen in higher concentrations have been used to treat respiratory and circulatory problems. Generally oxygen is used in a gaseous state in steel tanks.
During the last twenty years the interrupted or short-term administration of oxygen to patients has been replaced by long-term and uninterrupted administration, which places significant demands on supervision, as it requires the constant presence of qualified persons. However, short-term application is also still used for respiratory and circulatory problems. In addition oxygen therapy is commonly used for acute oxygen deficiency, mostly in the provision of first aid (accidents, circulatory system disorders, mountain climbing, etc.).
The use of concentrated oxygen is not limited to therapy, and its potential to influence ability to work and performance has also been studied. During hyperoxic training (inhaling 90% to 100% oxygen during exercise) it is possible to increase the maximum intake of oxygen by approximately 10% [9] . Thanks to the increased supply of oxygen to the working muscles, the reduction in respiratory requirements and the lower heart rate during exertion, under normal a temporary effect: the increase in oxygen concentration in the tissue is temporary, but it can be used to speed up recovery during exertion of an intermittent character [19] .
There has been extensive research on the influence of hyperoxia on the tolerance for physical activity, oxygen consumption during performance, oxidative metabolism, lactate response during and after exertion and the partial pressure of oxygen, as summarised in detail in an article by Astorino and Robergs [3] . Substantially less work has been published examining the influence of hyperoxia on recovery following physical exertion.
Portable canisters of concentrated oxygen for individual use were developed and introduced on the market primarily for therapeutic purposes [2] . Clinical studies of O-PUR (the source of concentrated oxygen) demonstrated that when patients with severe chronic obstructive lung diseases inhale oxygen from O-PUR canisters via a special mask, the partial pressure of oxygen in the blood increases in the short-term, on average from 70.7 mmHg to 95.8 mmHg.
No negative side effects of inhalation have been observed.
The results of studies from other research centres in Germany [16] reveal that it is possible to achieve high pO 2 increases by inhaling concentrated oxygen.
O-PUR has been tested for its ability to speed up post-exercise recovery following model anaerobic exercise (the thirty-second Wingate test), which was evaluated on the basis of the blood lactate concentration over twenty-five minutes under normoxia control conditions and with O-PUR inhalation (a 36-38% oxygen mix) in the fifth and fifteenth minutes of recovery [7] .
In the context of the aforementioned studies, this pilot study focused on whether it is possible to improve the performance of repeated short-term anaerobic exercise by inhaling 99.5% concentrated oxygen. O-PUR (distributed in the Czech Republic by Linde Gas under the brand name Oxyfit), a preparation containing gaseous oxygen in a 99.5% concentration, is made by the Swiss company Newpharm SA. Its exclusive importer to the Czech Republic, Linde Gas, recommends using the product principally to promote a swift return to normal rhythms after exertion, i.e. for faster recovery. According to the distributor the product also helps during and after sport, and can improve concentration, alleviate fatigue and reduce stress [27] .
The relation between hyperoxia and recovery is based on the physiological principles of the energy for muscle contraction and relaxation. Following physical exertion beyond a particular individual critical limit, muscular weakness sooner or later appears [15] and can be determined in various ways (e.g. by the reduction in maximal power as a function of time during supramaximal exertion in the 30-second Wingate test [6] ). The causes of muscular weakness are probably complex, but it seems that a significant factor is the level of phosphocreatine, which falls significantly once the individual critical limit has been exceeded, while the concentration of inorganic phosphate rises [14] . On entering the sarcoplasmic reticulum inorganic phosphate can -by means of the subsequent release of calcium cations -significantly influence subsequent muscle contraction [1] . Creatine is solely under aerobic conditions re-phosphorylated into high-energy phosphocreatine [8] , accompanied by a reduction in inorganic phosphate. Hyperoxia can in this way accelerate recovery.
The objective of the study was to verify the effects of O-PUR on performance during exertion in sport. To this end an experimental model was devised where the preparation was inhaled at the recommended dosage between two repeated periods of anaerobic exercise, using the double-blind testing method.
A simple non-standardised supplementary questionnaire was used to assess the test subjects' feelings and technical aspects of the application of O-PUR.
The duration of the Wingate test (thirty seconds) corresponds approximately to the exertion of a player on the ice during one shift in an ice hockey match. The interval of ten minutes between two Wingate tests corresponds very closely to the intermission between periods, which is fifteen minutes according to the rules.
In the light of the above the following hypothesis was formulated:
the inhalation of O-PUR will affect performance during repeated anaerobic exercise. The difference between performance achieved in the first and second Wingate test will be smaller when highly concentrated oxygen is inhaled rather than a placebo. The effect of inhaling concentrated oxygen on performance during repeated anaerobic exercise the placebo from identical canisters using special masks.
MATERIALS AND METHODS

Ice
The canisters with O-PUR contained 99.5% oxygen, while the canisters with placebo were filled with ordinary air and were produced by the manufacturer for the purposes of this test.
A double-blind test was designed in which neither the subjects nor the staff knew whether O-PUR or the placebo was being inhaled.
Before each test all participants were given full instructions on proper inhalation. Only one newly-opened canister (8 litres, with either the placebo or O-PUR 99.5% concentrated oxygen) was used each day on which the subjects were tested.
Test structure: after warming up (five minutes) the test subject undertook a standard Wingate test lasting 30 seconds.
In the fifth minute of recovery 20 microlitres of capillary blood were taken from the subject's fingertip to determine the peak blood lactate concentration using the SuperGL automated analytic system (Dr. Muller, GmbH. Freital, Germany). At the same For each Wingate test a resistance load of 0.106 W·kg -1 was used, which corresponded -using the ergometer's calibration curves -to a load of 6 W kg -1 (for a frequency of 60 rpm). This resistance load was chosen on the basis of a previous series of pre-tests [12] and is in line with earlier studies of the optimal resistance load for trained male athletes [5, 24, 25] . The technique used by the test subjects was not prescribed in any way, and they were allowed to use whichever technique they considered optimal, e.g. standing up on the pedals, especially towards the end of the test. The reason for not placing restrictions on technique was that during such exertion we use our weight in accordance with our individual abilities [10] .
For the pause between the first and second Wingate tests, after dismounting from the ergometer the subject spent two minutes seated in a chair. The subject then spent the 3 rd -5 th minutes standing next to the back-up ergometer, and then pedalled on the back-up ergometer with low intensity from the 6 th to the 9 th minute. During the final minute the subject mounted the test ergometer and pedalled briefly.
During the test all subjects were given verbal motivation in an attempt to create a competitive atmosphere, as anaerobic tests frequently depend on the motivation of the test subject. During the test the heart rate was also recorded as a supplementary indicator [10] . Following the second test session the subjects completed a questionnaire that concerned their subjective feelings on inhaling from the canister. One of the aims of the questionnaire was to determine whether the subjects felt any change between the first and second day of testing, or any difference when inhaling the placebo and inhaling the 99.5% oxygen mixture. All subjects only completed the questionnaire after completing all their tests. At the time of completing the questionnaire it was not known to anyone which tests had been conducted with O-PUR and which with the placebo. SPSS 15.1 software was used to analyse and process data.
The results are presented as the mean and the standard deviation.
To evaluate the significance of differences a parametric t-test was used for dependent samples and differences were evaluated with a significance level α=0.05 and the objective significance of differences was evaluated using the Hayes coefficient ω 2 .
The entire study was conducted in accordance with the Declaration of Helsinki [28] , and it was approved by the Ethics Committee of the Faculty of Physical Education and Sport at Charles University in
Prague.
RESULTS
The average values for the first and second tests, i.e. after ten minutes of repeated Wingate tests, are presented in Table 1 .
The results of both situations monitored, i.e. when oxygen (O-PUR)
was inhaled and when the placebo was inhaled in the control, reveal that after ten minutes of recovery the test subjects were not able to achieve the same level of peak power, mean power, or minimum power as they had achieved in the first test. The decline in performance between the first and second test, whether expressed absolutely or as a fatigue index, was similar in both tests, as was the effect of exertion on the heart rate. However, in the second test the concentration of lactate was always higher than in the first test. The effect of inhaling concentrated oxygen on performance during repeated anaerobic exercise Table 2 reveals that on average the differences for maximum and minimum power following the second test tended to be smaller when 99.5% oxygen was inhaled than when air was inhaled in the control.
However, the results display a substantial degree of variability and the differences were not statistically significant.
On the other hand mean power and/or anaerobic capacity expressing the total work performed in the entire test showed an almost 50% smaller decline when O-PUR was inhaled rather than the placebo in the control. A similar decline in the parameters was recorded for the total number of rotations in thirty seconds. This difference was statistically significant at a level of p<0.02 to p<0.03
for the individual parameters presented above (Tables 1 and 2 ).
The questions in the simple non-standardised questionnaire were aimed primarily at recording subjective feelings on the test and on the inhalation of O-PUR or the placebo. Table 3 summarises selected responses from the non-standardised questionnaire.
DISCUSSION
The results convincingly demonstrate that the inhalation of 99.5%
oxygen positively affects performance in the given model arrangement, which in our trial differed from previous models of exercise and recovery [21, 26] that had not established any benefits from concentrated oxygen for short-term recovery processes. In the literature only one previous similarly-designed study was found that demonstrated an improvement in maximum anaerobic capacity in the order of 3-6% after inhaling concentrated oxygen [6] . However, the design of that study would appear to be irrelevant to the present investigation.
The above results from the Wingate tests (peak power, mean power, minimum power, AnC, FI, HR, and blood lactate concentration) significantly exceed the values for those who participate in sport on a recreational basis, and correspond more to the values for professional ice hockey players [11, 12] 
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The reliability of the parameters derived from the Wingate test is relatively high -the coefficient of correlation between the first and second tests was 0.91-0.93 [25] . The classic thirty-second Wingate test has been criticised by some authors on the grounds that thirty seconds is too short a time for the full utilisation of anaerobic glycolysis, and accordingly there has been discussion of a longer time frame for the test, as the highest concentration of lactate can be attained in anaerobic tests lasting approximately sixty seconds [5] .
On the other hand with the extending of the exertion period the share of oxidative energy production also increases. In the thirty-second test this makes up only approximately fifteen percent, but as the exertion period is extended it increases more markedly than the rate of lactate production. In longer tests the influence of the psyche and "fainting" (i.e. strategies to distribute exertion over the course of the test) are more pronounced, and moreover the value of maximum anaerobic power is reduced and the fatigue index cannot be reliably evaluated. For this reason the majority of research centres currently recommend retaining the classic period of thirty seconds, which allows both maximum anaerobic power and anaerobic capacity to be determined reliably. A longer period would also significantly affect the course of recovery, which would not correspond to lineswitching in ice hockey matches.
A question remains over how long O-PUR remains effective.
According to our subjective opinion and sources in the literature that cover the inhalation of oxygen in general [21, 26] that period is anywhere between tens of seconds to a maximum of several minutes, due to the limited capacity of tissue to bind a non-physiologically increased amount of oxygen. A study [21] using two five-minute exercises separated by four-minute breaks did not show any marked differences in the kinetics of ventilation or in the heart rate dependent on hyperoxia, normoxia or a combination of the two.
The number of inhalations (presses of the cap via the special plastic mask) from the canister during one application was consistent with the importer's instructions (i.e. eight times). It was not possible to quantify the duration of each individual inhalation, but the test subjects were instructed that each inhalation should last two seconds.
The need to use a questionnaire was not flagged until after the first set of tests, and in consequence the test subjects only completed it after the second set of tests. In view of that fact the questions were aimed primarily at comparing the test subject's feelings on the inhalation of O-PUR or the placebo.
The main contribution made by the non-standardised questionnaire was the finding that the majority of test subjects recognised a difference between inhaling O-PUR and the placebo, despite the fact that they had no way of knowing whether they were inhaling highly concentrated oxygen or the placebo.
Before introducing the inhalation of concentrated oxygen as standard practice in sport it would be appropriate to verify the positive results of this study on a larger sample.
CONCLUSIONS
The study demonstrated a significant difference in mechanical performance between inhaling the placebo and inhaling O-PUR before a second supramaximal exercise, in favour of O-PUR.
The hypothesis formulated in the objective of this paper was confirmed.
On the basis of the results recorded, it can be stated that inhaling O-PUR in the interval between two periods of supramaximal anaerobic exertion lessens the reduction in mechanical performance in the second brief high-intensity exercise.
